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ABSTRACT 

A was tewa te r   t ox i c i t y   s tudy   o f   t he   Annac is   I s l and  Sewage Treatment   P lan t  

was conducted by personnel   f rom  the  Envi   ronmetal   Protect ion  Service,  
Pac i f i c   Reg ion .  

The object iv.es.   of   th is  study,  conducted  f rom  October 4-8, 1976, were  as 
f o l  1 ows : 

(1) t o  determi .ne  the  extent   o f   tox ic i ty   removal   ach ieved 

by the  sewage t rea tmen t   p lan t ,  i .e. p r imary  

t reatment ;  

(2 1 t o  d e t e r m i   n e   t h e   e f f e c t   o f   c h l   o r i   n a t i   o n  on the  
t o x i c i t y   o f   t h e   e f f l u e n t ;  

( 3 )  t o   d e t e r m i n e   t h e   e f f e c t   o f   d e c h l o r i n a t i o n  on the  
t o x i c i t y   o f   t h e   e f f l u e n t ;  

( 4 )  t o  r e l a t e   t h e   t o x i c i t y   o f   t h e   i n f l u e n t ,   p r i m a r y   e f f l u e n t ,  

c h l o r i n a t e d   e f f l u e n t  and d e c h l o r i n a t e d   e f f l u e n t   t o   t h e  

c o n c e n t r a t i o n s   o f   c e r t a i n  known toxic  substances, and; 

(5) t o  determi   ne  the  inc idence and the   ex ten t  o f  removal 

o f   po l ych lo r i na ted   b ipheny ls .  

The s tudy   a l so   i nc luded   the   co l l ec t i on   o f   i n fo rma t ion   conce rn ing  such 

f a c t o r s  as p l a n t   d e s i g n  and ac tua l  1 oadi ng, chTor ine dosage  and s u l   f u r  

d iox ide  dosage. Th is   i n fo rma t ion  was c o l l e c t e d   t o   a s s i s t - i n   i n t e r p r e t i n g  

d a t a   g a t h e r e d   f o r   t h e   o b j e c t i v e s   l i s t e d  above. 

T h i s   r e p o r t   c o n t a i n s   t h e   r e s u l t s   o f   b i o a s s a y   d e t e r m i n a t i o n s  and  chemical 

analyses  of   samples  col lected  dur ing  the  survey a t   v a r i o u s   t r e a t m e n t  
PI a n t  1 ocati.ons. 
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CONC L US IONS 

Based  on d a t a   c o l l e c t e d   a t   t h e  Annaci s Is1  and Sewage Treatment   P lant   f rom 

October 4 t o  8, 1976 t h e   f o l   l o w i  ng conclusions  can be made: 

(1) P r i m a r y   s e d i m e n t a t i o n   d i d   n o t   e f f e c t  raw sewage 
t o x i c i t y .  The  mean t o x i c i t y   c o n c e n t r a t i o n s  Tc,  were 

1.66 and 1.72 TU f o r   t h e  raw sewage and  primary 

e f f l u e n t  samples  respectively;.  

( 2 )  C h l o r i n a t i o n   o f   t h e   p r i m a r y   e f f l u e n t  was respons ib le  
f o r  an increase i n   t h e  mean t o x i c i  ty c o n c e n t r a t i o n   o f  

t h e   c h l o r i n a t e d   e f f l u e n t   t o  2.16 TU. Th is   represents  
a 30% increase  based on the  raw sewage samples; 

( 3 )  D e c h l o r i n a t i o n   o f   t h e   c h l o r i n a t e d   e f f l u e n t   b y  SO, 
a d d i t i o n  was r e s p o n s i b l e   f o r  a s l i g h t  decrease i n   t h e  

mean t o x i c i t y   c o n c e n t r a t i o n   o f   t h e   f i n a l   e f f l u e n t ;  A 

d i s c u s s i o n   o f   t h e   r e s u l t s   c o n c e r n i n g   d e c h l o r i n a t i o n   i s  

presented i n   s e c t i o n  4.2 

( 4 )  The toxic  wastewater  consti tuents  which  were  examined i n  
t h i  s study and deemed r e s p o n s i b l e   f o r   t h e   b i o a s s a y   r e s u l t s  

were: 

( i  1 un- ion ized ammonia; 

(i i anionic   surdactants ,  and; 

(i i i )  compounds formed by c h l o r i n a t i o n .  

( 5 )  The average  raw sewage PCB concen t ra t i on  was 0.0585 ppb. 

The t rea tment   p lan t   reduced PCB l e v e l s  an  average o f  42%. 
All PCB concent ra t ions   encountered   were   s ign i f i can t ly   low.  
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1 INTRODUCTION 

The Annaci s I s l a n d  Sewage T r e a t m e n t   P l a n t   - i s   o p e r a t e d  by the  

Greater  Vancouver Sewerage  and D r a i n a g e   D i s t r i c t  and t rea t .s  sewage from 

the   Fraser  Sewerage A r e a   w h i c h   i n c l u d e s   a l l   o r   p o r t i o n s   o f   t h e   m u n i c i -  

pa l  i t i e s   o f  Burnaby , Langley , Coqui tl am, Vancouver , New Westmi n s t e r  , 
P o r t  Coqui tl am, P o r t  Moody, Surrey,  Delta  and  White Rock. New 

Westminster i s  t he   on l y   mun ic ipa l i t y   se rved  by the   Annac is   I s land STP 

which  has a combined  sanitary  and  storm  system.  However,  the New 

Wes tm in i s te r   I n te rcep to r  was not   connected  to   the  Annaci  s I s l a n d  STP 

u n t i l   a f t e r   t h e   s u r v e y   p e r i o d .  

The t o t a l   c o n t r i b u t o r y   p o p u l a t i o n  has  been  estimated t o  be 
397,000*. The Annac is   I s land STP t r ea ts   bo th   domes t i c  and i n d u s t r i a l  

wastewater. A complete l i s t  o f  t h e   m a j o r   i n d u s t r i a l   c o n t r i b u t o r s  t o  the  

sewer  system i s  unava i lab le .  The major  types o f  i n d u s t r i e s   l o c a t e d  

wi th in   t he   a rea   se rv i ced  by  Annaci s I s 1  and STP i n c l u d e :  

(1) Pu lp  and  Paper; 

(2) Lumber, Treated  and  Laminated; 

( 3 )  Metal , F a b r i c a t i n g  and F i n i s h i n g ;  

( 4 )  Food  Processing; 

(5) Petroleum and Petrochemical , and; 

(6 )   Serv ice   Re la ted .  

A r e p o r t   d e a l i n g   w i t h  an I n v e n t o r y   o f   T o x i c  and  Hazardous 

Waste G e n e r a t i o n   w i t h i n   t h e  City o f  Vancouver  being  prepared  by  the 

Env i ronmenta l   Pro tec t ion   Serv ice  and the  City o f  Vancouver will be 

pub1 i shed i n  December,  1977. Thi  s' r e p o r t  will provide  background 
i n f o r m a t i o n   c o n c e r n i n g   t h e   m a j o r   i n d u s t r i a l   c o n t r i b u t o r s   t o   t h e  sewerage 

systems i n   t h e  City o f  Vancouver p l u s   t h e   t o x i c   c o n s t i t u e n t s   i n v o l v e d  

w i t h  each i n d u s t r y .   I n   a d d i t i o n ,  a r e p o r t   i s   p r e s e n t l y   b e i n g   p u b l i s h e d  

* 1976 Pre l im ina ry  Census F i g u r e ,   S t a t i s t i c s  Canada 
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by the Westwater Research Centre,  University of British Columbia, t i t l e d  
Toxic Substances i n  The Wastewater from a  Metropolitan Area, which deals 
w i t h  the heavy metal concentrations found i n  wastewater from residential ,  
industrial and mixed areas wi t h i n  the GVRD. Reference shoul d a1 so be  made 
to  a report by Tanner, Trasolini  and Nemeth ( . l )  w h i c h  deals w i t h  the 

wastewater characterist ics of GVRD treatment  plants and major  sewers. 

Since  the above study, conducted i n  1973, the Annacis Island STP 
has been constructed and placed i n  operation. Some of the t r u n k  sewers 
monitored dur ing  the EPS study such as Burnaby South S1 ope, Braid and Port 
Moody, are  presently connected to  the Annacis I s l a n d  STP. However,Burnaby 
South Slope was not  connected u n t i l  after  the 1976 survey. 

The present  survey was conducted as  a joint  project  involving 
Greater Vancouver  Sewerage and Drainage D i  strict,  the  International 
Pacific Salmon Fisheries Commission  and the Environmental Protection 
Service. The survey consisted of the fo l lowing  programs: 

(1 1 a 4 day composite sampl i ng program; 
(2) a 1 2  hour grab 'sampl i ng program; 
( 3 )  a 24 hour chl orine  residual monitoring program, and; 
( 4 )  general plant  operation  data  collection. 

The objectives of this study, conducted from October 4-8, 1976, were as 
fol l  ows : 

(1) to  determine  the  extent of toxicity removal achieved by 
the sewage treatment p l a n t ,  i .e. primary treatment; 

( 2 )  t o  determine  the  effect of chlorination on the  toxicity 
of the  effluent; 

( 3 )  t o  determine  the  effect of dechlorination on the  toxicity 
of the  effluent; 

( 4 )  to  relate  the  toxicity of the  influent, primary effluent, 
chlorinated  effluent and dechl orinated  effl uent to  the 
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concentrations of certain known toxic  substances, and; 

( 5 )  to determi ne the  incidence and the  extent of removal of 
polychl ori nated biphenyl s. 

Addi t iona l  municipal  wastewater toxicity  studies were 
conducted a t  other  locations i n  the  Pacific Region d u r i n g  1976. These 
surveys were conducted t o  collect  information  regarding  the a b i l  i t y  of 
various  types of  sewage treatment systems t o  remove or reduce  wastewater 
toxicity and t o  establish  the  toxicity  concentrations  involved i n  each 
case. 

1.1 Annaci s Is1 and Sewage Treatment P1 a n t  Description 

The Annacis Island STP i s  a primary sedimentation  treatment 
p l a n t  w i  t h  a design  average dry weather fl  owrate of 100 CFS (54 Imp 
M G D ) .  The treatment components include 4 bar  screens, a wet well, 4 raw 
sewage pumps, 8 aerated gr i t  tanks, 8 sedimentation  tanks and a 4 cell  
chlorine  contact tank.  Sul fur dioxide i s  added t o  the  chlorine  contact 
tank  approximately 130 fee t  from the  overflow  weir t o  accomplish 
dechlorination  prior t o  discharge  to  the  Fraser  River. A flow diagram 
showing  sample point  locations i s  presented i n  Figure 1. A t  the  design 
dry weather flow of 100 CFS the  treatment p l a n t  has a t o t a l  hydraul ic  
retention time of 3.5 hours. The general  operating  characteristics of 
the Annaci s Is1 and STP are out1  ined i n  Tab1 e 1. The primary sludge i s  
thickened i n  sl udge thickeners and  pumped t o  single  stage h i g h  rate 
anaerobic  digesters. The final  digested  sludge i s  then pumped t o  sludge 
lagoons as,shown i n  Figure 1. 

. .  

1.1.1 Dechlorination.  Dechlorination i s  the  practice of  removing 
a1 1 or p a r t  of the t o t a l  chlorine  residual remaining after  chlorination. 
Dechlorination becomes necessary i n  some locations t o  protect  the 
fisheries  resource from the  discharge .of a toxic  chlorinated  effluent. 
Dechl ori na' t ion a t  Annaci s Is1 and STP i s accompl i shed by the a d d i t i o n  of 
sulfur dioxide  near  the end  of the  chlorine  contact tank .  Su l fu r  
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FIGURE I ANNACIS   ISLAND  SEWAGE  TREATMENT  PLANT-  
FLOW  DIAGRAM  AND  SAMPLE  POINT  LOCATIONS 
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TABLE 1 OPERATIONAL CHARACTERISTICS OF ANNACIS ISLAND 
SEWAGE TREATMENT PLANT 

Design  Average Dry Weather 100 CFS 
Design Peak Dry Weather 155 CFS 
Design Maximum Wet Weather 315 CFS 

Treatment Components 

1)  Bar  screens 4 Para l   le1  
2) Raw sewage pimp 4 Para l  1 e l  
3) Pre-aera t ion  TanEs 8 P a r a l l e l  
4)  Primary  Sedimentation Tanks 8 P a r a l l e l  
5 )  Ch lo r ine   Contac t  Tank 4 Ser ies  
6 )   Su l fu r   D iox ide   Add i t i on  

Average F1 ow (November  1975 - Oct.  1976) = 54.4 CFS 
(October 1976 1 = 56.9 CFS 

Detent ion  Times ( a t  D.W.F.) 

Pre-aerat ion Tanks = 0.6 h r  
Sedimentation Tanks = 1.9 h r  
Ch lor ine   Contac t  Tanks = 1.0 h r  

To ta l   Deten t ion  3.5 hr  
- 

sedimentat ion Tank Overflow ( a t  D.W.F.) = 700 ga l / f tZ /day  
Raw Sewage Average BOD = 162 mg/l 

NFR = 148 mg/l 
COD = 331  mg/l 

F i n a l   E f f l u e n t  Average BOD = 114 mg/l 
NFR = 58 mg/l 
COD = 204 mg/l 

Sludge  Treatment Components 
1)  Raw sludge pumps 4 Paral  1 e l  
2 )  S1 udge  Thi  ckeners-2  Paral 1 e l  
3 )  D i s i n t e g r a t o r s  2 P a r a l l e l  
4)  Thickened  Sludge Pumps 2 Pqra l   l e1  
5)   High  ra te  Anaerobic   Digesters  2 P a r a l l e l  
6) S1 udge Lagoons 

- 
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d i o x i d e   r e a c t s   i n s t a n t a n e o u s l y   w i t h   b o t h   f r e e  and  combined c h l o r i n e  as 

f o l l  ows : 

Free  Ch lor ine  SO2 + Hz0 + H2SO3 + HOC1 - H2S04 + HC1 

Chl orami ne NH2C1 + H2SO3 + Hz0 - NHqHS04 + HC1 

The s u l   f u r   d i o x i d e  dosage i s   c o n t r o l   l e d  by means o f  a c h l   o r i  ne 
res idual   analyzer .  

1.1.2 P lan t   Opera t ion .  Long  term  performance  data  provided by GVS 

& DD i s  g i v e n   i n   T a b l e  2. This  data  represents  the  monthly  averages 

o f  composite  samples  taken from t h e   i n f l u e n t  and e f f l   u e n t   o v e r  a one 

year   per iod .  Based  on t h i s   i n f o r m a t i o n   t h e   t r e a t m e n t   p l a n t  

accomplished a 29.6% o v e r a l l   r e d u c t i o n   i n  BOD5, a 60.8% r e d u c t i o n   i n  

NFR and a 38.4% r e d u c t i o n   i n  COD. Table 3 l i s t s   t h e   d a t a   c o l l e c t e d  by 

Annacis   Is land STP personnel   dur ing  the  survey  per iod.  
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2. PROCEDURES AND METHODS 

2.1  Sampl i ng Program 

The t ime   p ropor t i ona l  24 hour composi t e  samples  were c o l   l e c t e d  

a t   f o u r   t r e a t m e n t   p l a n t   l o c a t i o n s   a s   f o l l o w s :  

(1 The  raw sewage sample was taken  f rom  the sewage 1 i f t  

pump d i scha rge ,   p r i o r   t o   t he   p re -ae ra t i on   t anks .  
Approximate 250 m l  samples  were  taken  every 2.5 minutes 
us ing  a Mark1  and  Model  2101 - Spec. Duckbi  11  sampler. 

( 2 )  The p r i m a r y   e f f l u e n t  sample was taken  f rom  the 
sedimentat ion  tank  overf low  channel  p r i o r  t o   t h e  

ch lo r i ne   add i t i on   po in t .   Approx ima te  1.1 1 i t e r  

samples  were  taken  every  10  minutes  using an Eagle 

s igna l   t imer  assembly  and a submersible pump. 

( 3 )  The c h l o r i n a t e d   e f f l u e n t  sample was taken  f rom  the 

ch lo r i ne   con tac t   t ank   app rox ima te l y  40 f e e t  ahead o f  

t he   su l fu r   d i xo ide   add i t i on   po in t .   Approx ima te  1.1 
1 i t e r  samples  were  taken  every 10 minutes   us ing  an 
Eag le   s igna l   t imer  assembly  and a submersible pump. 

( 4 )  The d e c h l o r i n a t e d   e f f l u e n t  sample was taken  f rom  the 
c h l o r i n e   c o n t a c t   t a n k   a d j a c e n t   t h e   o v e r f l o w   w e i r   p r i o r  

t o   d i scha rge   t o   t he   ou t fa l l .   Approx ima te  1.1 1 i t e r  

samples  were  taken  every  10  minutes  using an Eagle 

s igna l   t imer  assembly  and a submersible pump. 

The composite  sample a1 i q u o t s  were c o l l e c t e d   i n  45 ga l  1 on po lye thy lene  

b a r r e l  s.  The 24 hour  composite sampl i ng  program commenced a t  0900 h r  
October 4 and  ended a t  0900 hr   October  8, 1977. 
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The  raw sewage and dechlorinated  effluent g r a b  samples were taken from 
the same locations  as  the composites. The grab samples were collected 
every 2 hours on October 5 ,  1976 from 0800 t o  2000 hr. 

Sample p o i n t  locations  are  illustrated i n  Figure 1 

2.2 Analyses 

Table 4 1 i s t s  the  analytical  parameters  for  the 24 hour 
composite sampl i ng program. Tabl e 5 1 i s t s  the  analytical  parameters 
for  the grab sampl i n g  program. 

The contents o f  each composite sample barrel were we1 1 
mixed prior t o  sample division., The samples for chemical analysis 
including  metals were divided  into sample bot t les  and preserved  as 
outlined in  the Environment Canada Pollution Sampling Handbook. 
Samples for  bioassay  analysi s were placed in  four-5 gal lon pl as t ic  
jerry cans. A1 1 samples were  del ivered  within 2 hours t o  the 
Environment Canada laboratory f a c i l  i   t ies.  Sample analysis for  ai 1 
parameters  except metal s and PCB's  commenced within 3 hours of 
compl e t i  on of each sampl i ng day. Grab samples col 1 ected on October 5 
were separated  into  the proper container, preserved  as  required and 

stored a t  4°C before being delivered on October 6 a t  1000 hour w i t h  
the 24 hour composite  samples. 

2.2.1 Chemical Analyses. The chemical parameters  including 
metal s as 1 i  sted i n  Tabl  es 4 and 5 were analyzed as  described i n  the 
Environment Canada Pacific Region Laboratory Manual . 

2.2.2 Polychl ori nated Biphenyl s Analysi s ( P C B  1. Sampl es  for PCB 
were collected in one gallon amber glass  bottles  containing 50 ml 
hexane as a preservative.  Basically  the  analysis  involves  acetone: 
hexane extraction,  f i l tration,  purification and electron  capture GLC 

analysis. The detection 1 inli t for a one gal  l o n  sample i s  approxi - 
mately 0.005 ppb.  
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TABLE 4  ANALYTICAL PARAMETERS - 24 HOUR COMPOSITE SAMPLING PROGRAM 

Parameter 

d 

A b b r e v i a t i o n   U n i t s  

Total  Phosphate 
Ammon i a 
N i t r a t e  
N i t r i t e  

To ta l  A1 k a l  i n i  ty 

Chemical  Oxygen Demand 

Total  Organic  Carbon 

PH 
Non F i  1 t e r a b l  e Residue 
An ion ic   Sur fac tan ts  
Total   Residue 

Cyani de 

Phenol 
Oil & Grease 

Po lych lo r i na ted   B ipheny l  s 

Bioassay 

Metal s 

Total   Mercury 
Copper, To ta l  & D i  ssol  ved 
I ron ,   To ta l  & D isso lved 

N icke l  , Tota l  & D isso lved  

Lead, To ta l  & D isso lved 

Zinc,   Total  & D isso lved 

A1 umi num, Tota l  & D i  ssol   ved 

Cadmi um, Tota l  & D i  ssol  ved 
Manganese, To ta l  & D i  ssol  ved 
Chromi um, Tota l  & D i  ssol  ved 

TP O4 

NH3 

N03 
N02 

- 
COD 

TOC 

NF R 
- 

TR 

CN 

PCB 

LC5 0 

H!3 
cu 
Fe 

N i  

Pb 

Zn 

A1 

Cd 
Mn 

C r  
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TABLE 5 ANALYTICAL PARAMETERS - GRAB SAMPLING PROGRAM 

Parameter   Abbrev iat ion  Uni ts  

Total  Phosphate 

Ammonia 
N i t r a t e  

N i t r i t e  

Non F i  1 t e r a b l  e Residue 

Chemical  Oxygen Demand 

An ion ic   Sur fac tan ts  
Total  Residue 

Total  Organic  Carbon 

Cyanide 

Phenol 

Meta ls  

Copper?, To ta l  & D isso lved 
I ron ,   To ta l  & D i  ssol  ved 

N icke l  , Tota l  & D i  ssolved 

Lead, To ta l  & D isso lved 

Zinc,   Total  & D isso lved 

A1 umi num, Tota l  & D isso lved 

Cadmi um, Tota l  & D i  ssol  ved 

Manganese, To ta l  & D isso lved 
Chromi um, To ta l  & D i  sso l  ved 

- 
TR 

TOC 

CN 

cu 
Fe 
N i  
Pb 

Zn 

A1 

Cd 

Mn 
C r  
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2.2.3 Bioassay  Determination (96 hour LC.,). The s ta t ic   f ish 
bioassay test   gives an approximate numerical value t o  the b io logica l  
toxicity of wastewater. I t  i s  defined  as  the  concentration of a 
measureable lethal  agent ( i n  t h i s  case  wastewater)  required t o  k i l l  
the 50th percentile in a group of t e s t  organisms  over a period of 96 
hours. 

J U  

The s t a t i c  bioassay tes t   consis ts  of a series of 30 l i t e r  
glass  vessels  containing  different sample dilutions w i t h  6-9 Rainbow 
Trout (Salmo gai rdneri  per t e s t  vessel . The test   vessels were 
placed i n  a control  led environment room w i  t h  the  temperature 
maintained a t  14.5 - + 1 .O°C and a photo period  limited t o  16 hours  per 
24 hours. The bioassay t e s t  procedures call  s for samples w i  t h  pH 
values below 6.0 o r  above 8.0 t o  be neutralized t o  a pH of 7; however 
pH adjustment was n o t  required  for any of the samples collected. A1 1 
samples were aerated prior to the t e s t  and continuously,  for  the 96 

hour period.  Pre-test  aeration times are   l is ted w i t h  the t e s t   r e su l t s  
i n  Table 6. The fish loading density i n  each vessel was 0.15 g/1.  
The percent  mortality and percent d i l u t i o n  were plotted on semi-log 
paper t o  establ i sh an LC5o Val ue. 

2 . 3  Chl ori ne Resi dual Monitoring. 

The chlorine  residual  monitoring program consisted of grab 
sampling the  chlorinated  effluent (Sample p o i n t  No. 3 )  every hour for 
2 4  hours from 0900 hr  October 6 t o  0900 hr  October 7 and determining 
the t o t a l  residual chl orine  concentration ( T R C ) .  

In a d d i t i o n  t o  the  monitoring program, a t e s t  was conducted 
t o  determine  the effect  of time on the  persi  stence of a measurable 
chlorine  residual. T h i s  test   consisted o f  holding a five gal lon 
sample of chlorinated  effluent, taken from the head of the  contact 
tank, and periodically  determining  the TRC of a sample a l i q u o t .  
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The p e r s i s t e n c e   t e s t  was conducted i n  an a t t e m p t   t o   r e l a t e  

c h l o r i n e   r e s i d u a l  w i  t h   t h e   r e s u l t s   o f   t h e   c h l   o r i n a t e d   e f f l u e n t  

b ioassay   tes ts .  

The de te rm ina t ion   o f  TRC was done us ing  a Wallace & T iernan 
Amperometric T i t r a t o r   s e r i e s  A-790013. The fundamental  procedure  used 
i s  a  Back T i t r a t i o n  method i n v o l v i n g   t h e   n e u t r a l i z a t i o n   o f  an 
o x i d i z i n g   a g e n t   ( f r e e   i o d i n e )   w i t h  a reducing  agent   (phenylars ine 

o x i d e   s o l u t i o n )   o f  known s t reng th ,   i n   t he   p resence  o f  potassium 
iod ide .  

T o t a l   r e s i d u a l   c h l o r i n e  as determined by the  amperometric 

Back T i t r a t i o n  method  determines  the  concentrat ion of compounds i n  

the   was tewa te r   con ta in ing   ac t i ve   ch lo r i ne   wh ich   cons i s t   o f  
monochloramines,  dichl  oramines and hypochlorous  acid. 
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3 

3 . 1  

RESULTS 

Bioassay Resul t s  

The s t a t i c  f i  sh bioassay results  obtained from the 24 
hour  composi t e  samples are out1 i ned i n  Tab1 e 6. The resul t s  are 
expressed as both a 96 hour LC5o as defined  earlier and a toxicity 
concentration Tc. The toxicity  concentration, Tc; expressed i n  toxic 
units, TU, can be derived  as follows: 

Tc = 100% 

96 hr LCFJo(%) 

A Tc Val ue can a1 so be cal cul ated when considering  wastewater  that 
produces less  t h a n  50 percent  mortality a t  the 100% concentration. 
The actual Tc  Val  ue i n  th is   case  is  determined by plotting  the  percent 
mortality of t e s t  fish versus  the Tc values  for  the  various  test 
dilutions. 

The average Tc values  listed i n  Table 6 represent  the 
average of the Tc values  obtained w i  t h  each bioassay  determi  nation and 
n o t  the Tc which coul d be cal cul ated using the  average LCso Val ue. 
This  unfortunately  causes some discrepancy when comparing average LC50 

and Tc results,  which i s  the  case wi t h  the  dechlorinated  effluent 
sampl e. 

3.2 Chemical Analyses Non Metals - Results 

The chemical ana lys i s  non-metal results  obtained from the 
24 hour composite samples are l i  sted i n  Appendix I .  A comparison of 
these  resul t s  and the  treatment  level  involved w i  t h  each sample i s  
i l lustrated i n  Figures 2a and 2b .  The values  plotted i n  this 
comparison represent  the mean value from the 4-24 hour composite 
samples. The chemical analysis non-metal results  obtained from the 
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grab sampl i ng program  are  out1 i ned i n  Appendix 11. 

3.3 Chemical  Analyses  Metals - Resu l t s  

The r e s u l t s   o f   t h e   m e t a l   a n a l y s e s   i n c l u d i n g   t o t a l  and 

d i   s o l v e d   f o r   t h e  24  hour  composite  sampling  program  are  presented 

i n  Appendix I .  The same r e s u l t s   f o r   t h e   , g r a b  sampl i n g  program  are 

g i v e n   i n  Appendix 11. 

3.4 Ch lo r ine   Res idua l   Mon i to r i ng   Resu l   t s  

The r e s u l t s   o f   t h e  24 h r   c h l o r i n e   r e s i d u a l   m o n i t o r i n g  

p r o g r a m   a r e   i l l u s t r a t e d   i n   F i g u r e  3. The compound l o o p   c h l o r i n e  

res idua l   con t ro l   sys tem  con t ro l   l ed   t he  TRC 1 eve1 w i t h i n  a range 
o f  0.8 - 1.6 and w i t h  a  mean o f  1.17 mg/l. 

The r e s u l t s   o f   t h e   c h l   o r i n e   r e s i d u a l   p e r s i   s t e n c e   t e s t   a r e  

i l l u s t r a t e d   i n   F i g u r e  4. The sample  had an i n i t i a l  TRC o f  2.13 mg/l 
and  reached a non d e t e c t a b l e   l e v e l  11.5 h o u r s   a f t e r   c o l l e c t i o n .  
3.5 Po lych l   o r i   na ted   B ipheny l  s Resul t s  

The r e s u l t s   o f   t h e  PCB a n a l y s i s   f o r   t h e  24  hour  composite 

sampl i ng  program are  1 i s t e d   i n  Appendix I .  A1 1 l e v e l  s encountered 

a r e   s i g n i f i c a n t l y   l o w .  The t r e a t m e n t   p l a n t  was r e s p o n s i b l e   f o r  a  42% 

r e d u c t i o n   i n  PCB l e v e l s   f r o m   i n f l u e n t   t o   e f f l u e n t .  

3.6 Dai l y  F1  owrates , Chl o r i  ne Dosages, Sul f u r  D i  o x i  de  Dosages 

and P r e c i p i t a t i o n  

D a i l y   f l o w r a t e s ,   c h l o r i n e  dosages  and s u l f u r   d i o x i d e  dosages 

f o r  a one year   per iod   f rom November 1, 1975 to   October   31  , 1976  have 

been p l o t t e d   i n  Appendix I I I .  C h l o r i n e   a d d i t i o n  was c a r r i e d   o u t   f r o m  

A p r i l  28, 1976 to   October  31,  1976  and s u l f u r   d i o x i d e   a d d i t i o n   f o r  
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e f f l u e n t   d e c h l o r i n a t i o n  commenced on J u l y  7, 1976. T o t a l   d a i l y  

p r e c i   p i   t a t i o n   d a t a  has a1 so been  included. 

The p l   o t   i n d i c a t e s   t h a t   i n   g e n e r a l   t h e   d a i l y   f l o w   r e a d i n g s  

a re   i n f l uenced  by p r e c i p i t a t i o n .   S i n c e   t h e  sewer  systems  which  were 
connected. , to   Annacis   pr ior  to October 1976  were repor ted ly   separa te  
i .e .   sani tary   on ly ,   the  increases i n   t o t a l   d a i l y   f l o w   w h i c h  accompany 

p e r i o d s   o f   h e a v y   r a i n f a l l   a r e   t h e   r e s u l t   o f   i n f i l t r a t i o n  and i n f l o w .  
The m a j o r   c a u s e s   o f   i n f i l t r a t i o n   a r e   l e a k y  manholes, f a u l t y   l a t e r a l  

connect ions   and  leaky   p ipe   jo in ts .   Ma jor   sources   o f   excess ive   in f low 
a r e   i l l e g a l  downspouts, foo ter   d ra ins ,   c ross   connect ions  wi th storm 

sewers  and sur face   runof f   in to   inappropr ia te ly   p laced  manho les .  

F i g u r e  5 i l l u s t r a t e s   t h e   i n s t a n t a n e o u s   f l o w   r e a d i n g s   t a k e n  

from the   f l ow   reco rde r   cha r t   eve ry  two  hours  from  1600 hr   October  4 t o  

0600 hr October 8. The f lows  reached  peaks o f  approx imate ly  60 CFS 
dur ing  the  evening  (1800hr - 2200 h r )   w h i l e   l o w   f l o w s   o f  20 - 30 CFS 

occured  general l y  du r ing '   t he   ea r l y   morn ing  (0600 h r ) .  

3.7 Metal  Analyses Summary 

In   add i t i on   t o   t he   me ta l   ana lyses   conduc ted   du r ing   t he  

survey on the  composite  samples,  metal  determinations  were a1 so 

conducted. on pr imary  d igester   s ludge.   Munic ipa l   water   supply   meta l  

analyses  data was prov ided by the  Greater   Vancouver   Water   Dis t r ic t .  A 

summary o f   the   meta l   ana lyses  i s presented i n  Table 7. The resu l  t s  

i n d i c a t e  a s i g n i f i c a n t   m e t a l   c o n c e n t r a t i o n   i n c r e q s e   i n   t h e  raw sewage 

samples  compared to   the  munic ipa l   water   supply ,  a s l i g h t  decrease i n  

metal   content of t he   e f f l uen t   f o l l ow ing   p r imary   t rea tmen t ,  and  a 

subsequent  accumulation  of  metal i n   t h e   d i g e s t e r   s l u d g e .  
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TABLE 7 METAL  ANALYSES SUMMARY 

D iges ter  Muni c i   p a l  ** 
Me t a l   I n f l u e n t *   E f f l u e n t *  S1 udge  Water Supply 

( T o   t a l  1 mg/ 1 mg/ 1 mg/ 1 mg/ 1 

~ 

cu 0.23 0.19 35 < 0.01 

Fe 1.7 1.5 400 0.16 

N i  < 0.0055 < 0.05 - < 0.005 

Pb < 0.023 < 0.02 11 < 0.005 

Zn 0.28 0.20 35 < 0.005 

A1 0.60 0.43 370 - 

Cd < 0.01 < 0.01 0.3 < 0.001 

Mn 0.12 0.10 7.2 0.005 

C r  0.05 0.04 7.4 < 0.005 

Hg*** < 0.35 C0.205 73.2 < 0.5 

* Average o f   f o u r  - 24 h r  composite  samples 

** Results  from  Greater  Vancouver Water D i s t r i c t  

Represents  average o f   C a p i l  ano, Seymour and  Coqui tl am systems 

*** Uni t s  a/l 
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4 DISCUSSION 

4.1 Bioassay Eva1 u a t i  on 

Municipal   wastewaters i n  genera l   conta in  a w i d e   v a r i e t y   o f  

c h e m i c a l   c o n s t i t u e n t s   r e a d i l y  known t o  be t o x i c   t o   f i s h .  The most 
common c o n s t i t u e n t s   e x e r t i n g   t o x i c i t y   i n c l u d e  ammonia, cyanide, 

s u l   f i d e s  , c h l   o r i  ne  and chl  orami  ne,  phenol s ,, s u r f a c t a n t s  and  several 

heavy  metal s which  inc lude  copper ,   z inc , chromium  and n i c k e l  . Other 

f a c t o r s  such  as temperature, pH, hardness, a1 k a l   i n i  ty and d i   sso lved 

oxygen  tend t o   m o d i f y   t h e   t o x i c i t y   p r o d u c e d  by var ious  chemical  

c o n s t i t u e n t s .  However  as  out1 i ned e a r l i e r   t h e   b i o a s s a y   t e s t   c o n d i   t i o n s  

a r e   c o n t r o l   l e d  so t h a t  pH, temperature and d i  ssol ved  oxygen  do  not 
t h e m s e l v e s   e f f e c t   t o x i c i  ty. T h e   c h e m i c a l   a n a l y s e s  resul t s   f o r   t h e  

i nd iv idua l   compos i te  samples  were  examined w i  t h  r e f e r e n c e   t o   t h e  

1 i t e r a t u r e   t o   d e t e r m i  n e   t h o s e   f a c t o r s   r e s p o n s i b l e   f o r   t o x i c i t y .  

F o l l o w i n g   i s  a d i s c u s s i o n   o f   t h o s e   f a c t o r s  deemed r e s p o n s i b l e   f o r   t h e  

b ioassay   resu l t s   encoun te red   i n   t he   su rvey .  

4.1.1  Ammonia T o x i c i t y .  The common sources   o f  ammonia i n  

wastewater  are: 

( 1  ) u r ine ,   wh ich   con ta ins   u rea  (H2NCOH2N) which i n   t u r n  

r e a d i l y   h y d r o l y z e s   t o  ammonia; 
( 2 )  o r g a n i c   m a t t e r   c o n t a i n i n g   p r o t e i n  and  amino acids  which 

decomposes u n d e r   b a c t e r i a l   a c t i o n   y i e l d i n g  ammonia; 
( 3 )  chemical   p lants  and c leaning  estab l ishments  which 

re lease  ammonia t o  the sewer  system, and; 

(4) household  cleaning  agents. 

The t o x i c i t y   o f  ammonia and ammonium s a l t s   t o   f i s h   i s   d i r e c t l y   r e l a t e d  

t o   t h e  amount o f   u n - i o n i z e d  ammonia i n   s o l u t i o n .  Ammonia e s t a b l i s h e s  a 

pH dependent   equi l   br ium i n   s o l u t i o n  as f o l   l o w s :  
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+ - 
NH3+ nH20 $ NH3 . nH20 $ NH4 + OH + (n-1 ) H z 0  

Emmerson, e t  a1 ( 2 )  have o u t l i n e d  a s e t   o f   e q u i l i b r i u m   c a l c u l a t i o n s   f o r  

de termin ing   the   un- ion ized ammonia i n   s o l u t i o n   u n d e r   v a r y i n g   c o n d i t i o n s  
o f  pH and  temperature. The un- ionized ammonia c o n c e n t r a t i o n s   f o r   t h e  

24  hour  composi t e  samples  have  been ca l cu la ted   acco rd ing  t o  t h i  s s e t   o f  
equat ions and a r e   r e p o r t e d   i n   T a b l e  8. I n   a d d i t i o n ,   t h i s   t a b l e   l i s t s  

the   b ioassay   resu l t s  and t h e   m a j o r   t o x i c   c o n s t i t u e n t s   i n v o l v e d   f o r  each 
composi t e  sample. 

Mayo e t  a1 ( 3 )  s t a t e   t h a t  0.006 mg/l N un- ion ized ammonia may be 

considered  to  be the   des i rab le   upper   leve l   fo r   ex tended  f i sh   exposure .  A 

l e v e l   o f  0.025 mg/ l   un- ionized ammonia has  been s t a t e d  as t h e  maximum t h a t  

f i s h  c a n   t o l e r a t e   ( 4 ) .  L1 oyd and Orr ( 5 )   r e p o r t e d   t h a t  0.44 mg/l 

un- ion ized ammonia caused 100% m o r t a l i t y   i n  Salrno g a i r d n e r i   i n  96 hours. 

The un- ion ized ammonia l e v e l s   r e p o r t e d   i n   T a b l e  8 f a l l   w i t h i n   t h e  

0.025-0.44  mg/l  range  and there fore   wou ld  be expec ted   t o   con t r i bu te  

s i g n i f i c a n t l y   t o   w a s t e w a t e r   t o x i c i t y .  However, as   po in ted   ou t  by 

Esvel t, Kaufman & Se l l eck  (6) it should be n o t e d   t h a t   f a c t o r s  i n  
a d d i t i o n  to un- ion ized ammonia may b e   a s s o c i a t e d   w i t h   t h e   t o x i c i t y   o f  

ammonia. A f u l l   d i s c u s s i o n   o f   t h e s e   f a c t o r s   i s  beyond  the scope o f  
t h i  s r e p o r t .  

4.1.2 Sur fac tan t   Tox i c i t y .   De te rgen ts   a re  a common component  of sewage 

and i n d u s t r i a l   e f f l u e n t s ,   d e r i v e d   i n   l a r g e s t  amounts from household 
c leaning  agents .   Sur factants   can  be  d iv ided as b e i n g   e i t h e r   a n i o n i c ,  

c a t i o n i c  o r  non- ion ic .   In   cur ren t   de tergent   fo rmulas ,   the   p r imary  

t o x i c   a c t i v e   a g e n t   i s  LAS ( l i n e a r  a1 k y l a t e   s u l f o n a t e s )  an an ion i c  
su r fac tan t .  The su r fac tan t   ana lys i s   conduc ted   du r ing   t h i s   su rvey  was 

c a r r i e d   o u t   s p e c i f i c a l l y   f o r  LAS. 

The t o x i c i t y   o f  LAS t e n d s   t o   i n c r e a s e   i n   h a r d   w a t e r ,  and inc rease 
as the   carbon  cha in   leng th   inc reases  ( 6 ) .  
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Thatcher  and  Santner  (8)  found 96 h r   L G o   v a l u e s   f o r  LAS o f  

3.3-6.4 mg/l f o r   f i v e   s p e c i e s   o f   f i s h .   D o l a n  and  Hendricks  determined 

an L C 5 0 o f  5.9 mg/l LAS f o r   b l u e g i l l   s u n f i s h   ( 9 ) .  The an ion i c  

s u r f a c t a n t   c o n c e n t r a t i o n s   f o r   t h e  raw sewage samples  as o u t l i n e d   i n  
Table 8 would be e x p e c t e d   t o   c o n t r i b u t e   t o   w a s t e w a t e r   t o x i c i t y .  

4.1.3 C h l o r i n e   T o x i c i t y .  The t o x i c i t y   o f   c h l o r i n e  and o the r  

ch l   o r i na ted  compounds such  as chl  orami  nes  and  chl o r i   na ted   hydrocarbons  

has  been th rough ly  documented i n   t h e   l i t e r a t u r e .   M a r t e n s  and S e r v i z i  

(10 )   obse rved   t ha t   t he   t ox i c i t y   o f   p r imary   t rea ted  sewage t o  sockeye 

salmon was inc reased   seve ra l   f o ld  whenever c h l o r i n e   r e s i d u a l  s were 

d e t e c t e d   i n   t h e   e f f l u e n t .   I n   f i e l d   s t u d i e s ,   r e s i d u a l   c h l o r i n e   l e v e l s  

above 0.02 mg/l  were  found l i k e l y   t o  b e   t o x i c   t o   r a i n b o w   t r o u t  and 

sockeye  salmon  using  in-stream  bioassay  techniques  (10). 

The t o x i c i t y   o f   c h l o r i n a t e d   w a s t e w a t e r  does n o t  depend 

d i   r e c t l  y on  the  amount o f  c h l   o r i  ne  added b u t  on t h e   c o n c e n t r a t i o n   o f  

res idua l   ch lo r i ne   rema in ing  (11). Res idua l   ch lo r ine  i s  commonly 

unders tood  to  mean t h e   t o t a l   c o n c e n t r a t i o n   o f  compounds con ta in ing  

a c t i v e   c h l o r i n e   w h i c h   r e m a i n   a f t e r   f r e e   c h l o r i n e   a d d i t i o n .  These 

compounds c o n s i   s t   o f  monochl  orami  nes, dichl  orami  nes  and  hypochl  orous 

a c i d .   I n   a d d i t i o n   c h l o r i n e  may combine w i t h  a v a r i e t y   o f  compounds i n  
wastewater  including  cyanide,  phenols  and  alkyl   sul fonate,   which  are 
not  detectable  by  the  amperometr ic  technique. 

Res idua l   ch lo r i ne  i s  known t o  decrease w i  t h   t i m e  owing t o  
r e a c t i o n   w i t h   s u b s t a n c e s   i n  sewage. Marten and S e r v i z i  (10) repo r ted  

i n  a t e s t   o f   c h l o r i n a t e d   p r i m a r y  sewage t h a t   t h e   r e s i d u a l   c h l   o r i n e  

decreased s i g n i f i c a n t l y   f r o m  2.6 mg/ l   dur ing  the f i r s t  10 h r   b u t  

assumed a v i r t u a l l y   c o n s t a n t   v a l u e   o f  0.2 mg/l  which  persisted  beyond 

50 h r .  A s i m i l a r   t e s t  was conducted   dur ing   th is   survey ;   the   resu l ts ,  

p l o t t e d   i n   F i g u r e  4, i n d i c a t e   t h a t  a measurab le   ch lo r ine   res idua l  
p e r s i   s t e d   f o r  11.5 hr.   Since as r e p o r t e d   i n  Tab1  e  6 a1 1 bioassay 

samples  were  aerated  from  18- 23 hr  p r i o r   t o   t h e   t i m e   b i o a s s a y  

de terminat ions  commenced, i t  cou ld  be assumed t h a t  TRC would be non- 
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d e t e c t a b l e   i n   t h e   b i o a s s a y   t e s t   v e s s e l  s even a t   t h e  100% concent ra t ion .  

The b i o a s s a y   r e s u l t s   i n d i c a t e   t h a t   t h e r e  i s  an i n c r e a s e   i n   t o x i c i t y  
assoc ia ted   w i th   ch lo r i na t i on   (Tc   i nc rease   f rom 1.72 t o  2.16 TU) which 

cdn not  be a t t r i b u t e d   t o  a measureab le   ch lo r ine   res idua l  . 
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4.2 Bioassay Summary 

As ment ioned  p rev ious ly   the   b ioassay   resu l ts  and the  major 

t o x i c   c o n s t i t u e n t s   i n v o l v e d   f o r  each  composite  sample  are 1 i s t e d   i n  
Table 8. A l s o   i n c l u d e d   i n   t h i s   t a b l e   i s   t h e   p e r c e n t   m o r t a l i t i e s   o f   t h e  

t e s t   f i s h   i n   t h e   c o n t r o l  sample associated wi th  each s e t  o f  bioassay 

samples. A t t e n t i o n   i s  drawn t o   t h e  20% c o n t r o l   m o r t a l i t y   w h i c h   o c c u r r e d  

w i t h   t h e   f i r s t   s e t   o f  samples.   Therefore  the  resul ts  obtained on 
October 5 are  quest ionable,  and the  average  LC5o  and Tc Val  ues s ta ted  

i n  Table 8 a r e  somewhat d i s t o r t e d .  It i s  recogn ized  tha t   the   b ioassay  

r e s u l t s   o b t a i n e d   d u r i n g   t h e   s u r v e y   a r e   n o t   d e f i n i t i v e ,  due t o   t h e  

shor t   survey   per iod  and the  number o f  samples involved.  Reference i s  

made t o   t h e   s t u d y   c a r r i e d   o u t  by t h e   I n t e r n a t i o n a l   P a c i f i c  Salmon 

F i s h e r i e s  Commission t i t l e d ,  A c u t e   T o x i c i t y   o f  Sewage a t  Annacis 
I s1  and, wh ich   invo lved sampl i ng over a much 1 onger   per iod  o f   t ime.  

T h i s   r e p o r t  has n o t   y e t  been  published. 

A compar i son   o f   t he   t ox i c i t y   concen t ra t i on ,  Tc o f   t h e  24 hour 

compos i te   samples   ob ta ined  f rom  the   four   t rea tment   p lan t   loca t ions  i s  

i l l u s t r a t e d   i n   F i g u r e  6. 

The raw sewage e x h i b i   t e d  a mean 96 h r  Lcso o f  61.8% (Tc = 

1.66). The un- ion ized ammonia l e v e l  (0.08 mg/l N) and  the  anionic 

surfactant  concentrat ion  (4.55  mg/ l  LAS) would be e x p e c t e d   t o   e x e r t  a 
t o x i c   e f f e c t .  

The p r i m a r y   e f f l u e n t   e x h i b i t e d  a mean 96 h r   L G 0   o f  60.0% (Tc 

= 1 . 7 2 ) ,   i n d i c a t i n g   v i r t u a l l y  no  change i n  t o x i c i t y  due to   p r imary  
t reatment.  

The c h l o r i n a t e d   e f f l u e n t   e x h i b i t e d  a mean 96 h r  LC50 o f  47.8% 

(Tc = 2.161,  a 30% increase  based on the raw sewage samples. Since 
t h e r e   i s   o n l y  a s l i g h t   r e d u c t i o n   i n   t h e   u n - i o n i z e d  ammonia and 

su r fac tan t   concen t ra t i ons  (0.05 mg/l N, 3.45 mg/l LAS) a f t e r   p r i m a r y  
t r e a t m e n t ;   c h l o r i n a t i o n   c o u l d  be assumed respons ib le   f o r   t he   i nc rease  
i n   t o x i c i t y .  However the   p rec ise  compounds r e s p o n s i b l e   f o r   c h l   o r i  ne 



L E G E N D  

Raw  Sewage 

pr imary   E f f luent  

Chlorinated  Effluent 

Dechlorinated  Eff luent 

. . . . . . . . . . . . . . . . . 

% Explanat lon  Sect ion 4.2 

”- 

Date  O c t .  5 6 7 8 5 6 7 8  5 6 7  8 5 6 7 8  
Raw  Primary  Chlorinated  Dechlorinated 

S e w a g e   E f f l u e n t   E f f l u e n t   E f f  l u m t  

F I G U R E  6 A N N A C I S   I S L A N D   S T P   B I O A S S A Y  RESULTS, 
T O X I C I T Y   C O N C E N T R A T I O N S  - O c t o b e r  5-8,1976 
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i n d u c e d   t o x i c i t y  have n o t  been determined and  a f u l l   d i s c u s s i o n   o f   t h e  
f a c t o r s   i n v o l v e d   i s  beyond the  scope o f   t h i s   r e p o r t .   I n   a d d i t i o n  as 
p o i n t e d   o u t   i n   S e c t i o n  4.1.3 i n   t h i s  case, c h l o r i n e   i n d u c e d   t o x i c i t y   i s  

n o t   n e c e s s a r i l y   r e l a t e d   t o  a measureable  residual .  

The d e c h l o r i n a t e d   e f f l u e n t   e x h i b i t e d  a mean 96 h r  LC50 o f  
57.5% (Tc = 2.11) i n d i c a t i n g   t h a t   d e c h l o r i n a t i o n   r e s u l t e d   i n  a s l i g h t  

decrease i n   t o x i c i t y , '  by compar i son   t o   t he   ch lo r i na ted   e f f l uen t  sample 

The un- ion ized ammonia (0.04  mg/l N )  and s u r f a c t a n t   c o n c e n t r a t i o n s  

(3.85  mg/l LAS) cou ld  be expec ted   t o   exe r t  a t o x i c   e f f e c t .  However i t  

should be po in ted   ou t   t ha t   s ince   bo th   t hese   pa ramete rs   a re   a t  

r e 1   a t i v e l y   l o w   l e v e l  s ,  parameters  o ther   than  those  invest igated  dur ing 
the  composite sampl ing  program may be respons ib le   fo r   was tewater  

t o x i c i t y .  

ign,ored due t o   t h e   m o r t a l  i t  

i n  general  remain unchanged 
Tc which  drops  to  1.52. Th 

t i o n   u s i n g  SO2 i s   e f f e c t i v e  

I f  t h e   r e s u l   t s   o b t a i n e d  on t h e   f i r s t  day o f  sampl i n g   a r e  

i e s  i n  the   con t ro l   b ioassay ,   t he   resu l   t s  

e x c e p t   f o r   t h e   d e c h l o r i n a t e d   e f f l u e n t  mean 

i s  wou ld   t end   t o   i nd i ca te   t ha t   dech lo r i na -  

i n   e l i m i n a t i n g   c h l o r i n e   i n d u c e d   t o x i c i t y .  
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APPENDIX I 

ANNACIS  ISLAND  STP 

COMPOSITE  SAMPLE  ANALYTICAL  RESULTS 

a. NON METALS 

b. METALS 
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Appendix I Annaci s I s 1  and STP Composite  Sample 
A n a l y t i c a l   R e s u l t s  
a. Non Metal s 

Sampl i ng  Poi n t  Number 
Raw Sewage 1 
P r i m a r y   E f f l u e n t  2 
C h l o r i n a t e d   E f f l u e n t  3 
D e c h l o r i n a t e d   E f f l u e n t  4 

A n a l y t i c a l  Sampl i ng  Date 
Parameter  Point  Oct. 5 Oct. 6 Oct. 7 Oct. 8 

TPOb 1 6.4 12 6.0 6.4 
mg/l P 2 6.3 10 5.6  5.7 

3 7.4 11 6.0  6.2 
4 6.8 11 5.3 5.7 

NH3 -N 1 40 27 21 20.5 
mg/l N 2 24 28 2 1  20.5 

3 25  28 22 21.5 
4 21  2 1  20  20 

No3 -N 1 co.01 <0.01 co.01 c0.01 
mg/l N 2 co.01 <0.01 <0.01 < 0.01 

3 0.058 <0.01 co.01 < 0.01 
4 co.01 co.01 <0.01 c0.01 

NO2 -N 1 0.01 0.015 0.012 0.015 
mg/l N 2 0.011 0.013 0.014 0.016 

3 0.022 0.027 0.025 0.025 
4 0.015 0.023 0.018 0.017 

A1 k a l  i n i  ty  
mg/l CaC03 1 150  89  120 116 

2 120  110  110 116 
3  105 97 91 85 
4  100 67 94  89 

PH 1 7.2  6.5 6.9 7.1 
2 7.0  6.8 6.8 7.0 
3 6.9  6.9 6.8 7.0 
4 6.9 6.8 6.0 6.9 

NF R 1 107 150 120  160 
mg/ 1 2 48 54 49  39 

3 50 40 49 44 
4 43 45 47  47 
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Appendix I Annaci s I s 1  and STP Composite Sampl  e 
A n a l y t i c a l   R e s u l t s  
a.  Non M e t a l s   ( c o n t ' d )  

Sampl i ng Poi n t  Number 
Raw Sewage 
P r i m a r y   E f f l u e n t  
C h l o r i n a t e d   E f f l u e n t  

1 
2 
3 

D e c h l o r i n a t e d   E f f l u e n t  4 
A n a l y t i c a l  Sampl i n g  Date 
Parameter  Point   Oct.  5 Oct. 6 Oct. 7 Oct. 8 

COD 1 330 380 360 2 90 
mg/ 1 2 270 2 50 280 2 90 

3 260 2 50 300 280 
4 250 240 290 210 

An ion ic  1 4.5 3.7  3.7  3.7 
S u r f a c t a n t  2 4.6 2.7  2.8 4.0 
mg/l LAS 3 4.6 3.9 3.8 4.2 

4 4.5  3.4  3.5  3.5 

TR 1 450 360 460 540 
mg/1 2 520  380 440 460 

3 380 370 460 490 
4 41 0 410 450 470 

TOC 1 115  110 115 92 

3 62 79 104 78 
4 7 1  65 80 90 

mg/l c 2 98 76 85 67 

CN 1 C0.03 0.38 0.04 0.07 
mg/ 1 2 <0.03 0.06 0.07 0.06 

3 <0.03 0.04 0.04 0.06 
4 (0.03 c0.03 0.04 0.03 

Phenol 1 0.06 0.12 0.104 0.11 
mg/ 1 2 0.074 0.087 0.091 0.14 

3 0.075 0.15 0.134 0.11 
4 0.080 0.16 0.142 0.12 

O i l s  & 1 52 55 33 47 
Grease 2 28 24  23 - 
mg/l 3  30 28 35  48 

4 34 28 30 39 

PCB 1 0.079 .027 .056 .072 
PPb 2 0.062 .028  .120 .052 

3 
4 

- - 
0.067 .024 .021 .023 



- 40 - 

Appendix I Annaci s I s 1  and STP Composite  Sample 
A n a l y t i c a l   R e s u l t s  
b. Metal s 

Sampl ing  Point  Number 
Raw'  Sewage 
Primary E f f l u e n t  
C h l o r i n a t e d   E f f l u e n t  

1 
2 
3 

D e c h l o r i n a t e d   E f f l u e n t  4 
Analy t ica l   Sampl ing Date 
Parameter  Point  Oct. 5 Oct. 6 Oct. 7 Oct. 8 

Hg To ta l  1 <o. 20 0.52 0.25 0.44 

3 <o. 20 <0.20 <0.20 <o. 20 
4 <o. 20 a.20 0.21 0.21 

p g l 1  2 <o. 20 0.21 0.25 0.25 

Cu Tota l  1 0.23 0.24 0.22 0.23 
mg/ 1 2 0.20 0.18 0.17 0.16 

3 0.20 0.18 0.17 0.19 
4 0.21 0.20 0.18 0.18 

Cu D isso lved 1 0.05 (0.01 0.08 0.06 
mg/ 1 2 0.03 0.02 0.07 0.05 

3 0.17 0.13 0.14 0.15 
4 0.03 0.14 0.06 0.05 

Fe To ta l  1 1.5 1.9 1.6 1.8 
mg/ 1 2 1.3 1.4 1.3  1.4 

3 1.4 1.4 1.4 1.4 
4 1.4 1.8 1.4 1.4 

Fe D isso lved 1 0.86 0.85 0.76 0.80 
m9/1 2 0.78 0.69 0.93 0.79 

3 0.72 0.60 0.60 0.64 
4 0.78 0.71 0.80 0.78 

N i  To ta l  1 0.07 <0.05 C0.05 <O. 05 
mg/ 1 2 0.08 C0.05 c0.05 0.06 

3 <O. 05 C0.05 0.07 <0.05 
4 0.05 0.07 0.08 0.07 

N i  D isso lved 1 0.06 4 . 0 5  <0.05 <O. 05 
mg/ 1 2 0.05 <0.05 <0.05 <O. 05 

3 (0.05 (0.05 (0.05 <O. 05 
4 <O .05 <0.05 C0.05 <O .05 

Pb To ta l  1 0.03 <0.02 <0.02 (0. 02 
mg/ 1 2 0.02 0.02 <0.02 <o. 02 

3 0.02 0.02 <0.02 <o. 02 
4 0.02 0.02 CO.02 <o .02 

Pb D isso lved 1 0.02 CO.02 (0.02 <o. 02 
mg/ 1 2 <o. 02 0.02 CO.02 <o. 02 

3 0.03 <0.02 <0.02 <o. 02 
4 0.02 0.02 <0.02 <o .02 
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Appendix I Annaci s I s 1  and STP Composite Sampl  e 
A n a l y t i c a l   R e s u l t s  
b. M e t a l s   ( c o n t ' d )  

Sampl i ng Poi n t Number 
Raw Sewage 1 
P r i m a r y   E f f l u e n t  2 
C h l o r i n a t e d   E f f l u e n t  3 
D e c h l o r i n a t e d   E f f l u e n t  4 

A n a l y t i c a l  Sampl i ng   Da te  
Parameter  Point   Oct.  5 Oct. 6 Oct. 7 Oct. 8 
Zn Tota l  1 0.41 0.26 0.19 0.24 

mg/ 1 2  0.15 0.19 0.18 0.17 
3 0.17 0.21 0.26 0.17 
4 0.18 0.21 0.19 0.22 

Zn D isso lved 1 0.10 0.11 0.06 0.10 
mg/ 1 2 0.08 0.12 0.09 0.10 

3 0.12  0.16 0.16 0.15 
4 0.12 0.16 0.16 0.15 

A1 Tota l  1 0.7 0.6 0.5 0.6 
mg/ 1 2 0.4 0.4 0.3 0.3 

3 0.4 0.5 0.5 0.4 
4 0.3 0.5 0.5 0.4 

A1 D isso lved 1 < 0.3 <0.3 <0 .3  <O. 3 
mg/ 1 2 <0.3 <0.3 C0.3 C0.3 

3 <0 .3  C0.3 C0.3 <O. 3 
4 <0.3 <0.3 C0.3 <0.3 

Cd To ta l  1 CO.01 <0.01  <0.01 <0.01 
mg/ 1 2  CO.01 CO.01 <0.01 < 0.01 

3 < 0.01 CO.01 <0.01 < 0.01 
4 <0.01 <0.01  <0.01  <0.01 

Cd D isso lved 1 < 0.01 CO.01 <0.01  <0.01 
mg/1 2 < 0.01 <0.01 <0.01 c0.01 

3 CO.01 < 0.01 < 0.01 <0.01 
4 <0.01  <0.01  <0.01 c0.01 

Mn To ta l  1 0.11 0.11 0.12 0.12 
mg/l 2 0.10 0.09 0.10  0.11 

3 0.09 0.10 0.10 0.10 
4  0.10 0.10 0.11  0.11 

Mn D i  ssolved 1 0.09  0.09 0.09 0.08 
mg/1 2 0.08 0.09 0.10 0.09 

3 0.07 0.08 0.09 0.09 
4  0.07 0.09 0.08 0.09 

Cr To ta l  1 0.05 0.05 0.05 0.05 
mg/ 1 2 0.03 0.05 0.05 0.05 

3  0.03 0.04  0.04 0.04 
4 0.03 0.05 0.04 0.05 

Cr Disso lved 1 0.03  0.03 0.02  0.02 
mg/1 2 < 0.02 0.03  0.03 0.02 

3  0.03  0.03 0.02 0.03 
4 0.03  0.03 0.03 0.03 
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APPENDIX I I 

ANNACIS  ISLAND  STP 

GRAB  SAMPLE  ANALYTICAL  RESULTS 

a. NON METALS 
b. METALS 
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Appendix I I Annaci s I s l a n d  STP Grab  Sample 
A n a l y t i c a l   R e s u l t s  - October 5, 1976 
a. Non Metal s 

Sampl i nq P o i n t  Number 
Raw Sewage 1 
P r i m a r y   E f f l u e n t  2 
Dech lor ina ted  Effl uen t  4 

A n a l y t i c a l   P o i n t  Time 
Parameters 0800  1000  1200  1400 1600  1800 200 

T PO4 1 7.6 8.1 9.1 8.7 13.0 22.0 10.0 
mg/l p 2 7.8 8.8 12.0 9.2 7.9 9.0 12.0 

4 8.3 9.3 11.0 9.1 7.8 10.0 9.4 
NH3 -N 1 22 23 24 27 27 27  27 
ms/l N 2 22 19 21 22 26  26 30 - 

4 21 19  19  23 27 28 30 
NO3 -N 1 <.01 < .01 <.01 <.01 <.01 < .01 <.01 

mg/l N 2 < .01  < .01  .065 < .01  .10 < .01  < . O l  
4 < . O l  C . 0 1  .077 < . O l  < .01 .07 .45 

NO2 -N 1 .006 .009 .010 .013 .013 .037 .015 
mg/l N 2 .019 .016 .075 .021 ,019 .019 .025 

4 .016 .015 .083 .021 .016 .021 .021 
NFR 1 79 100  160  120  130 480 150 
mq/ 1 2 43 35 42 38 43  45 55 - 

4 39 35  35 37 39 51  51 
COD 1 310  640  320  330  350  5800  440 

mg/ 1 2 2 50 ,740 240  240 200 230  270 
4 170 720 230 210 920 230 280 

Anion ic  1 2.5  2.5 2.9 2.1 2.6 2.3 2.8 
Sur fac tan ts  2 3.4 2.7 2.9  2.5 2.1 2.3 3.2 
mg/l LAS 4 3.5 1.8 2.6 2.6 2.1 2.6 2.6 

TR 1 600 560 370 450 440 1000 630 
mg/l 2 420 440 440 300 370 410 500 

4 450 390 450 310 340 410 490 
T OC 1 73 91 84 97 77 213 118 

mg/ 1 2 81 78 65 64 55 69 103 
4 85 71 66 69 69 79 77 

CN 1 0.05 0.09 0.04 0.05 0.03 0.05 0.08 
mg/ 1 2 0.16 0.16 0.03 0.11 0.14 0.05 0.10 

4 C0.03 <0.03 <0.03 <0.03 0.03 0.11 0.03 
Phenol 1 0.041 0.071 0.40 0.200 0.12 0.037 0.61 
mg/ 1 2 0.052 0.075 0.64 0.780 0.11 0.13 0.16 

3 0.066 0.097 0.11 0.061 0.083 0.15 0.15 
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Appendix I I Annaci s I s 1  and STP Grab  Sample 
A n a l y t i c a l   R e s u l t s  - October 5, 1976 
b. Meta ls  

Sampl i ng  Poi n t  Number 

Raw Sewage 
D e c h l o r i n a t e d   E f f l u e n t  

1 
4 

A n a l y t i c a l  . P o i n t  Time 
Parameters 0800  1000  1200  1400  1600  1800 2000 

Cu T* 1 0.17 0.25 0.20 0.32 0.22 0.50 0.25 
4 0.15 0.13 0.33.-. 0.20 0.15 0.18. 0.20 

Cu D** 1 ~ 0 . 0 1  (0.01 (0.01 (0.01 0.04 ~ 0 . 0 1  ~ 0 . 0 1  
4 0.12 0.10 0.26 0.16 0.11 0.13 0.13 

Fe T 1 1.6 1.9 2.3 2.6 1.9 4.3 2.0 
4 163 1.3 1.4 1.4 1.4 1 .4  1.5 

Fe D 1 0.66 0.87 0.95 0.74 0.87 2.3 1.1 
4  0.69  0.69  0.66 0,60 0.51 . 0.46  0.61 

N i  T 1 0.08 0.07 (0.05 (0.05  (0.05 ~ 0 . 0 5  (0.05 

N i  D 1 0.07 0.05 ~ 0 . 0 5  (0.05 ~ 0 . 0 5  (0.05 (0.05 
4 0.05 <0,..05 0.07 (0.05 (0.05 . 50.05. (0.05 

Pb T 1 0.02 (0.02 0.04 0.23 0.39 0.63 0.03 
4 0.02 <0.02 0.021 0.29  0.16 0..42 0.04 

Pb D 1 (0.02 < 0.02 0.02 (0.02 0.02 0.02 (0.02 
4 0.02 0.02 0.03 0.03 0,OZ <0.02. <0.02 

Zn T 1 4.0 0.31 0.23 0.023  0.39 0.63  0.37 
4 0.57 0,12 0.30. 0.29  0.16 . 0.42 . 0.38 

Zn D 1 0.10 0.10 0.07 0.09  0.08 . 0.19  0.11 
4 0.0.9 0.07 0.27 0.20 0.22 0,..27 0.15 

A1 T 1 0.5 0.3 0.9 1.3 0.9 1.6 0.6 
4 0.4 (0 .3  (0.3 0.3 0.5 0.5 0.4 

A1 D 1 ~ 0 . 3  < 0 . 3  (0 .3  (0 .3  ~ 0 . 3  0.3 0.3 
4 ~0.3 " (0 .3  50.3, (0 .3  ~ 0 . 3  (0 .3  ~ 0 . 3  

Cd T 1 (0.01 (0.01 (0.01 (0.01 (0.01 < 0.01 (0.01 
4 (0.01 (0.01 (0.01 CO.01 (0.01 CO.01 (0.01 

Cd D 1 (0.01 (0.01 (0.01 (0.01 < 0.01 (0.01 (0 .01  
4 (0.01 50.01 (0.0.1 (0.01 (0.01 <0..01 (0.01 

Mn T 1 0.12 0.09 0.12 0.14 0.11 0.17 0.10 
4. 0.09 0.10 , 0.10 0.10 0.10. 0.10 o.ii 

Mn D 1 0.07 0.08 0.10 0.09 0.07 0.14 0.10 
4 0.07 0.08 0,09 0.08 0.08 0.06 0.08 

Cr T 1 0.06 0.05 0.05 0.04 0.06 0.11 0.05 
. .  4 0.03 0.03 0.05 0.05 0.03 0.06 0.07 

Cr D 1 < 0.02 0.03 < 0.02 0.02 0.03 0.05 0.03 
4 < 0.02 < 0.02 0.03 0.03 0.02 0.0.3 0.U7 

mgl1 

.. . 4 0.07 .<0.05 0.08.. .<0 .05 ,  (0.05 50.05 (0.05.. 

* T - To ta l  
** D - D isso lved 
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APPENDIX I I I 

ANNACIS  ISLAND STP, DAILY  FLOWS, 

CHLORINE  DOSAGES,  SULFUR  DIOXIDE  DOSAGES 

AND P R E C I P I T A T I O N  

N o v e m b e r  1, 1975 t o  O c t o b e r  31, 1976 

. 
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